A Suzaku sample of unabsorbed narrow-line and broad-line Seyfert 1
  galaxies: I. X-ray spectral properties by Waddell, Sophia G. H. & Gallo, Luigi C.
MNRAS 000, 1–22 (2020) Preprint 10 September 2020 Compiled using MNRAS LATEX style file v3.0
A Suzaku sample of unabsorbed narrow-line and broad-line Seyfert
1 galaxies: I. X-ray spectral properties
S. G. H. Waddell1? and L. C. Gallo1
1Department of Astronomy & Physics, Saint Mary’s University, 923 Robie Street, Halifax, Nova Scotia, B3H 3C3, Canada
Accepted XXX. Received YYY; in original form ZZZ
ABSTRACT
A sample of narrow-line (NLS1) and broad-line Seyfert 1 (BLS1) galaxies observed with
Suzaku is presented. The final sample consists of 22 NLS1s and 47 BLS1s, for a total of
69 AGN that are all at low redshift (z < 0.5) and exhibit low host galaxy column densities
(< 1022 cm−2 ). The average spectrum for each object is fit with a toy model to characterise
important parameters, including the photon index, soft excess, Compton hump (or hard ex-
cess), narrow iron line strength, luminosity and X-ray Eddington ratio (Lx /LEdd). We confirm
previous findings that NLS1s have steeper power laws and higher X-ray Eddington ratios, but
also find that NLS1 galaxies have stronger soft and hard excesses than their BLS1 counter-
parts. Studying the correlations between parameters shows that the soft and hard excesses are
correlated for NLS1 galaxies, while no such correlation is observed for BLS1s. Performing a
principal component analysis (PCA) on the measured X-ray parameters shows that while the
X-ray Eddington ratio is the main source of variations within our sample (PC1), variations in
the soft and hard excesses form the second principal component (PC2) and it is dominated by
the NLS1s. The correlation between the soft and hard excess in NLS1 galaxies may suggest
a common origin for the two components, such as a blurred reflection model. The presented
Suzaku sample of Seyfert 1 galaxies is a useful tool for analysis of the X-ray properties of
AGN, and for the study of the soft and hard excesses observed in AGN.
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1 INTRODUCTION
Active Galactic Nuclei (AGN) are accreting supermassive black
holes at the centres of galaxies. These objects are responsible for
some of the most energetic events in the Universe, and in many
cases, can even outshine their host galaxies. By studying the X-ray
emission from these objects, we are able to probe some of the most
extreme processes occurring at the innermost regions of the AGN.
The X-ray spectra of Seyfert 1 galaxies (optical type-1), where
we have a direct view of the central region, show key similarities.
The primary component exhibits a power law shape across the en-
tire X-ray band and is attributed to the Comptonisation of accre-
tion disc photons in the hot corona surrounding the inner disc (e.g.
Haardt & Maraschi 1991, 1993). Below 2 keV, many AGN exhibit a
surplus of photons, called the soft excess, above the primary power
law. The origin of the soft excess is highly disputed, and many pos-
sible physical interpretations exist to explain this feature, including
a partial covering or obscuration scenario (e.g. Gierlin´ski & Done
2004; Tanaka et al. 2004), blurred reflection originating in the inner
accretion disc (e.g. Ballantyne et al. 2001; Ross & Fabian 2005),
and soft Comptonisation of X-ray photons by a secondary, cooler
? E-mail: swaddell@mpe.mpg.de
corona (e.g. Magdziarz et al. 1998; Done et al. 2012). These mod-
els have all been used successfully to explain the spectra of Seyfert
1 AGN.
At higher energies, a second excess, called the hard excess,
peaking at ∼ 20 keV is often detected. When hard X-ray photons
produced in the corona are incident on optically thick material, they
are scattered to lower energies through Compton down-scattering
resulting in the so called Compton hump.
In the 4− 7 keV band, AGN spectra show other important fea-
tures, mainly those associated with iron. Interaction of the primary
X-rays with iron in the surround medium can produce a strong X-
ray fluorescent emission line at 6.4 keV if the material is neutral.
This line may be narrow when coming from the distant torus (e.g.
Nandra et al. 2007), or relativistically broadened due to the prox-
imity to the supermassive black hole if it originates in the accretion
disc (e.g. Fabian et al. 1989). Typically, we see a superimposition
of these two lines, where both the torus and inner accretion disc are
illuminated by the corona and thus a narrow core and extended line
profile are seen simultaneously (e.g. Pounds et al. 1990; Nandra &
Pounds 1994; Reeves et al. 2006).
Type-1 AGN are classified based on their optical spectra.
NLS1s are those AGN with the full-width-half-maximum (FWHM)
of the Hβ lines less than 2000 km s−1, while BLS1s have FWHM
© 2020 The Authors
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greater than 2000 km s−1 (Osterbrock & Pogge 1985; Goodrich
1989). NLS1 galaxies also show strong Fe II emission lines, and
weak emission from forbidden [O III] lines.
The differences in the spectra and properties of BLS1 and
NLS1 AGN beyond their optical properties is an important area
of study. In general, it is observed that NLS1 AGN have lower
mass black holes than their BLS1 counterparts. These smaller AGN
have weaker gravitational fields, which may be partially responsi-
ble for the narrower optical lines produced in the broad line re-
gion of NLS1 galaxies. Additionally, it has been shown that NLS1
AGN are more rapidly accreting than their broad-line counterparts
(Pounds et al. 1995; Grupe 2004; Grupe et al. 2010). NLS1s are
often found to be accreting at a significant fraction of their Edding-
ton limit. Together with the lower black hole mass, these pieces of
information suggest that NLS1s may be a younger population of
AGN (see for example, Grupe 1996; Mathur 2000). If this is in-
deed the case, the study of NLS1 galaxies and the comparison of
their spectral properties to other Seyfert 1 AGN may lead to impor-
tant clues on the growth and evolution of supermassive black holes
throughout cosmic time.
In the X-ray regime, many NLS1 and BLS1 galaxies show
large amplitude variability in their luminosities on very short
timescales of hours (e.g. Nikołajuk et al. 2009; Gallo 2018). The
variability in NLS1 galaxies is more extreme (e.g. Boller et al.
1996), and flux changes by factors of ∼ 100 within days have
been observed. The reason for this variability is not well under-
stood, but may be correlated with the mass and/or accretion rates
of the black holes (e.g. Ponti et al. 2012; Nikołajuk et al. 2009,
and references therein). However, the very short timescales (hours)
on which this variability is observed implies that X-rays originate
from a very small and compact region, much smaller than the ra-
dius of the outer accretion disc or the BLR. The driving mechanism
for this variability is therefore often associated with changes in the
temperature, density and/or shape of the X-ray emitting corona (e.g
Wilkins et al. 2015; Gallo et al. 2019; Alston et al. 2019).
Boller et al. (1996) examined the soft X-ray spectra of a sam-
ple of NLS1 AGN observed with ROSAT. They found that NLS1
galaxies have very steep spectral slopes of Γ ≈ 3.5 at low ener-
gies (0.1 − 2.4 keV), where Γ is the power law photon index. This
is much steeper than typical BLS1 galaxies, which have indices of
Γ ≈ 2.3 in this energy range (Walter & Fink 1993). These results
are confirmed by Leighly (1999), who perform a similar analysis
on a sample of NLS1 AGN observed with ASCA, and other sub-
sequent works. Additionally, NLS1 galaxies have been shown to
show stronger soft excesses, or increased excess emission below
∼ 2 keV using a variety of toy models (e.g. Vaughan et al. 1999;
Grupe et al. 2010; Gliozzi & Williams 2020; Ojha et al. 2020), and
some NLS1 galaxies also show extreme soft excesses (e.g. Gallo
et al. 2004; Middleton et al. 2007). These properties suggest that
the soft excesses of NLS1 AGN may differ from those of BLS1
AGN.
The X-ray spectral slopes of NLS1 galaxies in the 2 − 10 keV
energy range have also been shown to be steeper than those of
BLS1 galaxies (e.g. Brandt et al. 1997; Grupe 2004). This range
is expected to be dominated by emission from the corona, which
takes the form of a power law. Like the rapid variability, this may
point to differences in the temperature of the corona (Gallo 2006,
2018), where in particular, cooler coronae produce steeper X-ray
spectral slopes (Pounds et al. 1995). Clearly, NLS1 galaxies oc-
cupy an extreme parameter space in many respects and are worthy
of further analysis.
Many previous works have taken advantage of the broad-band
observing capabilities of Suzaku for the analyses of samples of
AGN. These range significantly in scope, from Fe Kα line profile
studies (e.g. Fukazawa et al. 2011, 2016; Mantovani et al. 2016)
and physical spectral modelling (e.g. Noda et al. 2013; Walton et al.
2013a; Iso et al. 2016) to spectral variability studies (e.g. Miyazawa
et al. 2009).
In this work, we present a sample of NLS1 and BLS1 AGN
observed with the Suzaku satellite in order to characterise their X-
ray spectral properties, and investigate differences between the two
classes. This work will expand upon previous samples by including
a larger number of optical type-1 AGN, and studying the properties
of NLS1 and BLS1 galaxies. The goal is to examine a range of pa-
rameters from the soft to hard band to search for similarities and
differences between the two classes. In Section 2, we describe the
sample selection and present literature parameters for each AGN.
In Section 3, we describe the data analysis. Section 4 describes the
spectral model used for analysis and discusses parameter distribu-
tions. In Section 5, we present correlations between parameters and
compare the two samples. A discussion of results is given in Sec-
tion 6, and conclusions are presented in Section 7.
2 SAMPLE SELECTION
The X-ray observatory used for this work is the Suzaku satellite
(Mitsuda et al. 2007), operational between 2005 and 2015. The ob-
servatory collected data using two main detectors; the four X-ray
Imaging Spectrometers (XIS) and the Hard X-ray Detector (HXD).
The HXD instrument includes the PIN and GSO detectors intended
for the capture of high energy X-rays. By combining data from the
XIS and PIN detectors, Suzaku is sensitive between ∼ 0.5−100 keV,
allowing for the simultaneous observation of the X-ray soft excess,
power law emission from the corona, Fe Kα emission and Compton
hump. The simultaneous detection of all these components allows
for detailed, broad-band X-ray spectral characterisation.
The sample is assembled to include objects that exhibit rela-
tively small levels of absorption so that the low-energy emission
(i.e. the soft excess) can be constrained. All Suzaku observations
used in this work are publicly available on the Suzaku DARTS1
website. These observations are divided into several sub-categories
based on object class. AGN are typically classified as extra-galactic
compact sources, and we thus begin our search for Seyfert 1 galax-
ies in this sub-section. In total, 518 observations of approximately
350 sources were made over the mission lifetime. Of these, 225
were found to be Seyfert galaxies, with 106 being type-1 AGN.
We first selected all Seyfert 1, 1.2, and 1.5 galaxies, as these
objects are expected to show little X-ray absorption due to obscu-
ration by the torus. We include only those galaxies with intrinsic
(host-galaxy) column densities of less than 1022 cm−2 , allowing
for some constraint to be placed on the soft excess component. Ob-
jects with redshifts z > 0.5 are also excluded to ensure that the
intrinsic spectrum down to at least ∼ 1 keV could be measured.
The remaining 72 objects were then divided into sub-samples
of NLS1 and BLS1 galaxies based on classifications found in liter-
ature. All the NLS1s have FWHM(Hβ) < 2000 km s−1, relatively
strong Fe II and weak [O III] according to previous works. One
source, MCG+04-22-042, has several different measurements for
the FWHM(Hβ), with the smallest width recorded as 1946±
1 https://darts.isas.jaxa.jp/astro/suzaku/
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(1) (2) (3) (4) (5)
Object Redshift NH FWHM (Hβ) MBH
[×1022 cm−2 ] [ km s−1 ] [× 107 Msun]
NLS1
1H0323+342 0.061 0.127 1520(1) 2.00(2)
1H0707-495 0.04057 0.0431 1000(3) 0.204(4)
Ark 564 0.02468 0.0534 750(3) 0.186(5)
IRAS 05262+4432 0.03217 0.321 700(3) 2.06(6)
IRAS 13224-3809 0.0658 0.0476 650(3) 0.631(7)
MCG-6-30-15 0.00775 0.0392 1700(4) 0.200(5)
Mrk 1040 0.01665 0.0673 1830(6) 4.37(7)
Mrk 110 0.03529 0.013 1760(8) 1.96(9)
Mrk 335 0.02578 0.0356 1710(8) 1.70(9)
Mrk 359 0.01739 0.0426 900(6) 0.170(6)
Mrk 478 0.07906 0.0105 1630(8) 1.99(10)
Mrk 766 0.01293 0.0178 1100(8) 0.664(9)
NGC 4051 0.00234 0.0115 1170(8) 0.135(9)
PG 1211+143 0.0809 0.0274 1900(8) 4.07(5)
PG 1404+226 0.098 0.0222 880(3) 0.450(11)
PKS 0558-504 0.1372 0.036 1250(12) 4.50(12)
RE J1034+396 0.04244 0.04244 1500(4) 0.245(13)
RX J0134.2-4258 0.237 0.0167 900(8) 2.00(14)
RX J1633.3+4718 0.1158 0.0174 900(15) 0.300(15)
SWIFT J2127.4+5654 0.0144 0.765 2000(16) 1.51(16)
TON S180 0.06198 0.0136 970(8) 0.710(9)
WKK 4438 0.016 0.291 1700(16) 0.200(6)
BLS1
1H0419-577 0.104 0.0116 2580(8) 13.0(8)
3C 111 0.0485 0.285 4800(17) 360(17)
3C 120 0.03301 0.194 3711(18) 5.50(9)
3C 382 0.05787 0.0619 ... 61.7(19)
3C 390.3 0.0561 0.0441 10000(4) 43.5(9)
3C 78 0.02865 0.104 ... 39.8(20)
4C+74.26 0.104 0.114 11000(21) 398(22)
Ark 120 0.03271 0.0998 5800(4) 11.7(9)
B3 0309+411 0.136 0.101 ... ...
CBS 126 0.0791 0.0131 2980(8) 7.09(8)
ESO 511-G030 0.02239 0.0434 3335(23) 6.92(19)
ESO 548-G081 0.01448 0.0237 ... 5.50(19)
Fairall 9 0.04702 0.0286 5780(4) 19.9(9)
IGR J16185-5928 0.03463 0.207 2918(23) 2.80(24)
IGR J19378-0617 0.01025 0.191 2700(24) ...
III Zw 2 0.0898 0.0592 5295(23) 11.7(9)
KAZ 102 0.136 0.0475 ... 10.0(25)
LEDA 168563 0.029 0.437 7400(26) 11.0(26)
MCG-02-14-009 0.02845 0.1 ... 1.35(5)
MCG-02-58-22 0.04686 0.0334 6360(4) 30.0(27)
MCG+04-22-042* 0.03235 0.035 2600(23) 31.6(22)
MCG+08-11-11 0.02048 0.297 3630(4) 12.0(28)
MR 2251-178 0.06398 0.0264 4617(23) 19.0(29)
Mrk 1018 0.04244 0.0267 5858(30) 6.92(31)
Mrk 1148 0.064 0.0501 ... ...
Mrk 1320 0.103 0.024 ... ...
Mrk 205 0.07085 0.029 4560(23) 20.9(5)
Mrk 279 0.03045 0.0159 5360(4) 2.72(9)
Mrk 352 0.01486 0.0531 4214(23) 0.85(32)
Mrk 509 0.0344 0.0393 2270(4) 11.2(9)
Mrk 530 0.02952 0.0442 ... 11.5(33)
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(1) (2) (3) (4) (5)
Object Redshift NH FWHM (Hβ) MBH
[×1022 cm−2 ] [ km s−1 ] [× 107 Msun]
Mrk 79 0.02219 0.0543 4000(23) 4.09(9)
Mrk 841 0.03642 0.0246 5470(4) 7.59(34)
NGC 4593 0.009 0.0167 4910(8) 0.950(8)
NGC 6814 0.00521 0.148 ... 1.09(9)
NGC 7213 0.00584 0.0111 13000(35) 10.00(35)
NGC 7469 0.01632 0.0539 3388(4) 0.904(9)
NGC 985 0.04314 0.0346 ... ...
PG 1322+659 0.168 0.017 ... 19.5(36)
PG 1626+554 0.133 0.0108 ... 53.7(37)
RBS 1124 0.208 0.0156 ... 18.0(38)
SBS 1301+540 0.0299 0.0173 7174(23) 3.16(22)
SWIFT J0501.9-3239 0.01244 0.0184 ... ...
SWIFT J0904.3+5538 0.03714 0.0232 3022(23) ...
SWIFT J1310.9-5553 0.104 0.208 ... ...
UGC 6728 0.00652 0.0446 2308(30) 0.513(9)
ZW 229-15 0.02788 0.0534 3360(39) 0.818(9)
Table 1: AGN parameters for all NLS1s and BLS1s in the Suzaku sample. Column (1) gives the object name, and columns (2) and (3) show
the redshift and Galactic column density, obtained from NED and Willingale et al. (2013), respectively. Columns (4) and (5) show the FWHM
and black hole mass for each source. One source, MCG+04-22-042, is included in the BLS1 sample but has been alternatively classified as an
NLS1 and is marked with an asterisk. Masses and FWHM values are taken from; (1) Paliya et al. (2014); (2) Landt et al. (2017); (3) Vaughan
et al. (1999); (4) Bian & Zhao (2003); (5) Ponti et al. (2012). (6) Wang & Lu (2001); (7) González-Martín & Vaughan (2012); (8) Grupe
et al. (2010); (9) Bentz & Katz (2015); (10) Porquet et al. (2004); (11) Mallick & Dewangan (2018); (12) Gliozzi et al. (2007); (13) Czerny
et al. (2016); (14) Grupe et al. (2000); (15) Yuan et al. (2010); (16) Malizia et al. (2008); (17) Ballo et al. (2011); (18) Du et al. (2018); (19)
Vasudevan & Fabian (2009); (20) Woo & Urry (2002); (21) Ballantyne (2005); (22) Soldi et al. (2014); (23) Koss et al. (2017); (24) Malizia
et al. (2008); (25) Miyaji et al. (2003); (26) Liebmann et al. (2018); (27) Rivers et al. (2011); (28) Tortosa (2017); (29) Wang et al. (2009);
(30) Winter et al. (2010); (31) Noda & Done (2018); (32) Vasudevan et al. (2009); (33) Woo et al. (2012); (34) Vestergaard (2002); (35)
Nelson & Whittle (1995); (36) You et al. (2016); (37); Vasudevan & Fabian (2007); (38) Miniutti et al. (2010); (39) Barth et al. (2011).
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170 km s−1 (La Mura et al. 2011). This borderline object is in-
cluded in the BLS1 sample and marked with an asterisk in Table 1.
It appears comparable to other BLS1s in our analysis.
Two objects, Mrk 1239 (typically classified as an NLS1) and
ESO 323-G077 (BLS1), were rejected from the sample as they ex-
hibited atypical spectra (see Grupe et al. 2004 and Buhariwalla
et al. 2020 for Mrk 1239, and Miniutti et al. 2014 for ESO 323-
G077). Both AGN show significant optical polarization and ESO
323-G077 has been described as a borderline Seyfert 1/2 (e.g.
Schmid et al. 2003). Mrk 590, typically classified as BLS1, was
also removed. This source has been shown to change look (i.e.,
show dramatic optical emission line variability), and although typ-
ically classified as a Seyfert 1, did not show a typical type-1 optical
spectrum during the Suzaku observation (Mathur et al. 2018). Ad-
ditionally, only two out of the six observations of the BLS1 galaxy
3C 120 are included here due to calibration uncertainties during
the first four observations, which were taken during the calibration
phase. The final sample consists of 22 narrow-line Seyfert 1 AGN,
and 47 broad-line Seyfert 1 AGN, for a total of 69 AGN suitable
for analysis.
To characterise our sample, we first perform a literature search
to determine the black hole mass and Hβ FWHM of each object.
Redshifts for each object are taken from NED2, and column den-
sities viewed through the Galaxy are taken from Willingale et al.
(2013). The results, where available, are presented in Table 1. The
sample covers a redshift range of z = 0.00234 to z = 0.237,
with most AGN having z < 0.1. NLS1 galaxies appear to have
lower black hole masses on average than their BLS1 counterparts,
in agreement with previous observations (e.g. Pounds et al. 1995;
Wang et al. 1996; Grupe 2004; Grupe et al. 2010).
3 DATA REDUCTION
3.1 Suzaku XIS
The Suzaku XIS detectors feature four CCD cameras; XIS0, XIS1,
XIS2 and XIS3. In late 2006, the XIS2 detector was struck by a
small meteorite and became unsuitable for use in scientific anal-
ysis, so observations taken after November 2006 have data from
only three XIS detectors. The XIS1 detector differs from the others
in that it is back-illuminated (BI). The detector response is signif-
icantly different from the other three front-illuminated (FI) CCDs,
and can not be co-added with the other detectors. XIS1 has very
high background at high energies (above ∼ 7 keV), which compli-
cates analysis of the Fe Kα line profile. For the remainder of this
work, we therefore focus only on the FI detectors XIS0 and XIS3
(and XIS2 when available).
Cleaned event files from the FI CCDs were used for the ex-
traction of data products in XSELECT V2.4G. For each instrument,
source photons were extracted using a 240′′ region centred around
the source, while background photons were extracted from a 180′′
off-source region. Calibration zones located in the corners of the
CCDs were avoided in the background extraction. Response matri-
ces for each detector were generated using the tasks XISRMFGEN
and XISSIMARFGEN. The data and responses from each of the FI
detectors were then merged to improve signal-to-noise.
In this work we are comparing overall average properties
of the sample. The data from AGN observed at multiple epochs
are merged to form one single spectrum for each unique source.
2 https://ned.ipac.caltech.edu/
Source and background spectra, as well as responses are merged
for each object, with spectra and responses weighted based on ex-
posure time. The merged spectrum for each object is then used
in spectral modelling for the remainder of this work. For each
merged spectrum, we model the 0.6 − 10 keV energy band, exclud-
ing the calibration uncertainty regions between 1.72−1.88 keV and
2.19−2.37 keV (Nowak et al. 2011). Observations are summarized
in Table 2.
3.2 Suzaku HXD
Data from the Suzaku HXD-PIN detector are also used in the anal-
ysis. In general, the 15 − 40 keV energy band is modelled, but for
some objects, this band is smaller to improve the detection signal.
Data are processed using the tool HXDPINXBPI. Both the non-X-
ray background (NXB) and the cosmic X-ray background (CXB)
are considered to determine the detection threshold for each ob-
servation, where a detection of 5 per cent of background is con-
sidered significant (Fukazawa et al. 2009). As with the XIS, data
from individual observations of each source are merged to create
one averaged spectrum for each source. A cross calibration factor
between the PIN and the XIS of 1.16 or 1.18 is applied, depend-
ing on whether the observation was taken in XIS or HXD nominal
pointing mode, respectively. The exception for this is NGC 6814,
where a much lower calibration constant of 0.5 is required (Walton
et al. 2013b). We also neglect the PIN data for Zw 229-15, as these
data were shown to diverge significantly from all models and other
high energy data sets, possibly due to low data quality or calibration
uncertainties (Tripathi et al. 2019).
4 SPECTRAL MODELLING
4.1 Modelling procedure
All spectral fits are performed using XSPEC V12.9.0N (Arnaud
1996) from HEASOFT V6.26. Abundances are taken from Wilms
et al. 2000, and values for the Galactic column density for each
source are taken from Willingale et al. (2013). Spectra from the
Suzaku XIS detectors have been grouped using optimal binning
(Kaastra & Bleeker 2016), using the FTGROUPPHA tool, while data
from the PIN have been grouped to a minimum of 20 counts per
bin. Model fitting was done using C-statistic (Cash 1979), to ac-
count for the fact that the data do not follow a Gaussian distri-
bution, but rather a Poisson distribution. All errors are quoted at
the 90 per cent confidence level. For ease of comparison between
objects, luminosities free of Galactic and host-galaxy absorption,
rather than fluxes or model normalisations, are presented. These lu-
minosities are calculated using the LUMIN command in XSPEC. We
adopt a value for the Hubble constant of H0 = 70 km s−1 Mpc−1 ,
and Λ0 = 0.73.
To maximize the spectral information from each observation,
we model the XIS background spectrum obtained from the off-
source regions rather than simply subtracting it. This is required
when using C-statistics, and allows for improved analysis of dim
sources which are background dominated at high energies, such as
1H0707-495 (Fig. 1). This source becomes dominated by emission
from the background above ∼ 6 keV (see the background subtracted
spectrum in blue), but by modelling the background, we can con-
sider up to 10 keV.
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(1) (2) (3) (4) (5) (6) (7) (8) (9)
Object Obs ID Date Detector Exposure (s) SC cts BG cts PIN cts PIN %
YYYY-MM-DD (all XIS) (all XIS) (all XIS)
NLS1
1H0323+342 704034010 2009-07-26 XIS 0+3 371000 232762 5491 40370 9.0
707015010 2013-03-01 XIS 0+3
1H0707-495 700008010 2005-12-03 XIS 0+2+3 292900 23750 3938 16720 2.9*
Ark 564 702117010 2007-06-26 XIS 0+3 306400 886516 8138 27061 8.4
710018010 2015-05-25 XIS 0+3
IRAS 05262+4432 703019010 2008-09-12 XIS 0+3 164200 16817 1907 12503 2.1*
IRAS 13224-3809 701003010 2007-01-26 XIS 0+3 395900 49337 5192 - -
MCG-6-30-15 700007010 2006-01-09 XIS 0+2+3 1015000 2797730 23791 115952 23.3
700007020 2006-01-23 XIS 0+2+3
700007030 2006-01-27 XIS 0+2+3
Mrk 1040 707046010 2013-08-11 XIS 0+3 274900 533369 8471 36897 31.1
Mrk 110 702124010 2007-11-02 XIS 0+3 181800 229892 3684 27197 15.8
Mrk 335 701031010 2006-06-21 XIS 0+2+3 1052000 702650 16100 43096 9.2
708016020 2013-06-14 XIS 0+3
708016010 2013-06-11 XIS 0+3
Mrk 359 701082010 2007-02-06 XIS 0+3 215000 79777 2776 19905 4.1*
Mrk 478 706041010 2011-07-14 XIS 0+3 170600 43759 2070 13877 3.1*
Mrk 766 701035010 2006-11-16 XIS 0+3 315100 277229 3996 45721 9.0
701035020 2007-11-17 XIS 0+3
NGC 4051 703023010 2008-11-06 XIS 0+3 1065000 1526650 6667 129761 15.3
700004010 2005-11-10 XIS 0+2+3
703023020 2008-11-13 XIS 0+3
PG 1211+143 700009010 2005-11-24 XIS 0+2+3 289200 86466 4345 17679 4.0*
PG 1404+226 708045010 2013-07-13 XIS 0+3 365400 12833 3818 24168 7.7
707026010 2012-12-23 XIS 0+3
PKS 0558-504 701011030 2007-01-19 XIS 0+3 200100 310836 2806 16297 8.2
701011010 2007-01-17 XIS 0+3
701011040 2007-01-20 XIS 0+3
701011050 2007-01-21 XIS 0+3
701011020 2007-01-18 XIS 0+3
RE J1034+396 707039010 2012-11-14 XIS 0+3 199800 34194 2098 14164 5.5
RX J0134.2-4258 707014010 2012-12-29 XIS 0+3 162900 34665 1627 1519 5.8
RX J1633.3+4718 706027040 2012-02-05 XIS 0+3 334200 35951 4043 21475 2.8*
706027030 2012-01-13 XIS 0+3
706027010 2011-07-01 XIS 0+3
706027020 2011-07-08 XIS 0+3
SWIFT J2127.4+5654 702122010 2007-12-09 XIS 3 91730 131319 2227 30599 20.6
TON S180 701021010 2006-12-09 XIS 0+3 241400 176949 3602 23364 4.8*
WKK 4438 706011010 2012-01-22 XIS 0+3 140600 91783 1446 13314 6.2
BLS1
1H0419-577 702041010 2007-07-25 XIS 0+3 658000 770926 13936 48285 15.5
704064010 2010-01-16 XIS 0+3
3C 111 703034010 2008-08-22 XIS 0+3 725700 1153400 15114 27277 37.4
705040010 2010-09-02 XIS 0+3
705040020 2010-09-09 XIS 0+3
705040030 2010-09-14 XIS 0+3
3C 120 706042010 2012-02-09 XIS 0+3 602200 1665920 16153 89641 36.0
706042020 2012-02-14 XIS 0+3
3C 382 702125010 2007-04-27 XIS 0+3 261200 722194 5800 43401 24.7
3C 390.3 708034010 2013-05-24 XIS 0+3 200700 481139 3355 32140 32.1
3C 78 706013010 2011-08-20 XIS 0+3 194000 23330 2318 - -
4C+74.26 702057010 2007-10-28 XIS 0+3 386000 562383 7614 32440 22.2
706028010 2011-11-23 XIS 0+3
Ark 120 702014010 2007-04-01 XIS 0+3 201700 410487 6401 32393 21.2
B3 0309+411 706036010 2012-02-19 XIS 0+3 209200 55068 3994 16910 2.4*
CBS 126 705042010 2010-10-18 XIS 0+3 203100 70422 2704 22703 4.2*
ESO 511-G030 707023020 2012-07-22 XIS 0+3 551900 725334 11944 13447 20.4
707023030 2012-08-17 XIS 0+3
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Object Obs ID Date Detector Exposure (s) SC cts BG cts PIN cts PIN %
YYYY-MM-DD (all XIS) (all XIS) (all XIS)
ESO 548-G081 704026010 2009-08-03 XIS 0+3 78830 58808 1495 10054 13.8
Fairall 9 705063010 2010-05-19 XIS 0+3 794200 1350110 13064 103887 20.4
702043010 2007-06-07 XIS 0+3
IGR J16185-5928 702123010 2008-02-09 XIS 0+3 153200 73459 4219 22482 9.7
IGR J19378-0617 705055010 2010-10-16 XIS 0+3 155600 274166 4215 19433 11.0
III Zw 2 706031010 2011-06-14 XIS 0+3 162900 85023 2827 21272 10.4
KAZ 102 701012010 2006-06-09 XIS 0+3 82920 10915 1022 3298 3.1*
LEDA 168563 708017010 2013-09-01 XIS 0+3 200100 149668 3884 22645 19.2
MCG-02-14-009 703060010 2008-08-28 XIS 0+3 284300 73480 3786 24412 6.0
MCG-02-58-22 704032010 2009-12-02 XIS 0+3 278000 1009640 5994 39753 38.0
MCG+04-22-042 704028010 2009-11-22 XIS 0+3 81980 74668 1439 10480 12.3
MCG+08-11-11 702112010 2009-09-17 XIS 0+3 197500 572367 6899 39533 39.6
MR 2251-178 704055010 2009-05-07 XIS 0+3 273900 623692 4969 37765 26.7
Mrk 1018 704044010 2009-07-03 XIS 0+3 87820 55075 1551 10700 13.4
Mrk 1148 708033010 2013-12-30 XIS 0+3 56650 64418 835 5676 17.9
Mrk 1320 704006010 2009-06-28 XIS 0+3 41560 3448 530 - -
Mrk 205 705062010 2010-05-22 XIS 0+3 201900 114219 4128 27039 14.1
Mrk 279 704031010 2009-05-14 XIS 0+3 320700 92008 3426 40011 9.2
Mrk 352 704025010 2010-01-06 XIS 0+3 91370 61034 1893 6303 8.0
Mrk 509 705025010 2010-11-21 XIS 0+3 471000 1689290 11724 70667 31.9
701093040 2006-11-27 XIS 0+3
701093020 2006-10-14 XIS 0+2+3
701093010 2006-04-25 XIS 0+2+3
701093030 2006-11-15 XIS 0+3
Mrk 530 707003010 2012-06-02 XIS 0+3 202500 313042 2667 25044 17.3
Mrk 79 702044010 2007-04-03 XIS 0+3 167400 131341 1941 25288 9.6
Mrk 841 701084010 2007-01-22 XIS 0+3 914700 686420 20200 119074 11.3
701084020 2007-07-23 XIS 0+3
706029010 2012-01-05 XIS 0+3
706029020 2012-01-18 XIS 0+3
NGC 4593 702040010 2007-12-15 XIS 0+3 971600 965252 15277 47703 16.0
709014050 2014-12-30 XIS 0+3
709014040 2014-12-26 XIS 0+3
709014020 2014-06-22 XIS 0+3
709014030 2014-12-15 XIS 0+3
709014010 2014-06-16 XIS 0+3
NGC 6814 706032010 2011-11-02 XIS 0+3 84260 36352 1046 10096 4.8*
NGC 7213 701029010 2006-10-22 XIS 0+2+3 272200 428912 4137 32255 16.2
NGC 7469 703028010 2008-06-24 XIS 0+3 224200 254110 4818 29828 19.3
NGC 985 704042010 2009-07-15 XIS 0+3 64000 47761 1263 7607 13.9
PG 1322+659 706018010 2011-11-27 XIS 0+3 163400 11544 1641 - -
PG 1626+554 706017010 2011-11-11 XIS 0+3 121700 38611 1788 - -
RBS 1124 702114010 2007-04-14 XIS 0+3 172500 48581 1816 27027 7.5
SBS 1301+540 709018010 2014-11-30 XIS 0+3 189500 47297 2000 13525 6.9
SWIFT J0501.9-3239 703014010 2008-04-11 XIS 0+3 82600 176307 2556 13042 24.3
SWIFT J0904.3+5538 704027010 2009-04-28 XIS 0+3 83890 11307 989 6885 5.7
SWIFT J1310.9-5553 706009010 2011-07-19 XIS 0+3 165600 41357 1993 17854 6.5
UGC 6728 704029010 2009-06-06 XIS 0+3 98010 80844 1710 12202 13.5
ZW 229-15 706035010 2011-06-03 XIS 0+3 337400 91424 5253 - -
Table 2: Observation parameters for each object in the sample. Columns (1), (2) and (3) give the object name, observation ID and observation
start date, respectively. The XIS detectors used in the observation are shown in column (4). Column (5) gives the combined exposure for all
available XIS detectors. Source, background and PIN (source plus background) counts are given in columns (6), (7) and (8), respectively.
Source and background counts are quoted for all combined XIS detectors. Column (9) gives the source detection level over the background
(per cent) in the PIN, where values marked with an asterisk (*) are below the significant detection threshold of 5 per cent. AGN with PIN
data with a significance less than 1 per cent, or AGN where no PIN data was available, are marked with a dash.
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Figure 1. Source+background (black), background (red) and background
subtracted spectrum (blue) for a NLS1, 1H0707-495. The background emis-
sion lines begin to dominate the spectrum above 6 keV, but the source con-
tribution is still detectable. The source contribution above 6 keV can be bet-
ter constrained by modelling the background rather than subtracting it or
cutting the spectrum.
The background model for each source is constructed using narrow
emission features to model the instrumental lines from the detec-
tors and multiple power law components to match the shape of the
background continuum. The resulting background models are then
applied to the combined source+background spectrum before mod-
eling the source contribution.
4.2 Broad-band model
The goal of this work is not to assume and test a physical model,
but instead to characterise the shape of the spectrum and compare
important values within the sample. To characterise the shape of
the X-ray spectrum, we use a simple toy model. Not all of the AGN
spectra are perfectly fit with the toy model, but the spectral shape
is sufficiently well measured to allow for comparison.
The model consists of a power law to account for emission
from the corona, and a blackbody component to model the soft ex-
cess below ∼ 2 keV. We also model Fe Kα emission with a Gaus-
sian emission profile, with the energy frozen to 6.4 keV and the
width frozen to 1 eV so that only the normalisation is free to vary.
To approximate the hard excess emission that might arise from
the Compton hump peaking at ∼ 20 keV, we use a second Gaus-
sian emission profile, with the width fixed to 5 keV and the energy
frozen to 20 keV. We do so because the hard excess is constrained
only by the PIN data, which has poorer statistics compared to the
XIS data. More complicated models that extend over a broad en-
ergy band are dominated by the statistics in the XIS band, which
results in the hard excess being improperly modelled for some
sources. The Gaussian model is sufficient to approximate the shape
of the hard excess and it improves spectral modelling.
This model is modified by both Galactic absorption as well as
an additional absorption component, redshifted to the host galaxy
frame. In XSPEC, the source model is employed as TBABS × ZT-
BABS(ZGAUSS + ZGAUSS + BLACKBODY + POWERLAW). For
each object, the individual background model is also applied to the
spectrum to form the total model. For each AGN in our sample,
model parameters are given in Table 3.
To illustrate this modelling process, the top panel of Fig. 2
shows the XIS source+background (black), XIS background (red),
and PIN (gray) spectra unfolded against a power law with Γ=0 for
the BLS1 galaxy Ark 120. A similar figure has been prepared for
each source, and these are included as supplementary online ma-
terial. The data have been redshift corrected for ease of interpre-
tation. The background increases significantly at higher energies.
Several instrumental lines are also seen in the background spec-
trum, including strong features at 6.5, 7.5 and 9.7 keV (see Tawa
et al. 2008). These features, especially the line at 9.7 keV, are strong
enough to be seen in the source+background spectrum.
The second panel shows the residuals (data/model) for the
background model applied to the background spectrum. This model
is comprised of multiple power law and Gaussian components to
fit the observed curvature. No clear residuals can be seen, and the
background data are well fit. In the third panel, we show the resid-
uals for a power law model applied to the background modelled
spectrum, fit between 2 − 4 and 7 − 10 keV and extrapolated to all
energies. A strong soft excess below 2 keV, Fe Kα emission be-
tween 5 − 7 keV, and a hard excess peaking at 20 − 25 keV are
visible. Finally, the bottom panel presents the residuals to our toy
model applied to the background modelled XIS data and the PIN
data. Aside from some remaining curvature in the 5 − 7 keV band
on either side of the narrow Fe Kα line at 6, 4 keV, the X-ray con-
tinuum appears to be reasonably approximated.
We select a number of parameters of interest for further study.
These include the host galaxy absorption column density (znH),
the blackbody temperature (kT), the photon index (Γ), and the
3 − 10 keV unabsorbed luminosity (Lx). We also approximate the
Eddington ratio using the ratio of X-ray luminosity to the Edding-
ton luminosity, Lx /LEdd, which we call the X-ray Eddington ratio
(see Section. 4.3).
Since Suzaku has the capability to simultaneously observe the
soft and hard excesses, measuring these parameters is of great in-
terest. We therefore define the soft excess strength, SE, as the ratio
of the (unabsorbed) blackbody luminosity to the power law lumi-
nosity in the 0.6 − 1.5 keV band:
SE =
BB0.6−1.5 keV
PL0.6−1.5 keV
(1)
The hard excess, HE, is similarly defined as the ratio of the
Compton hump luminosity in the 15 − 25 keV band to the power
law luminosity in the same energy range:
HE =
CH15−25 keV
PL15−25 keV
(2)
Finally, to assess the strength of the narrow Fe Kα line relative
to the continuum for each object, we define the iron line strength
(Fe/Lx) as the ratio of the iron line luminosity to the 3 − 10 keV
X-ray luminosity. All parameters will be measured and discussed
throughout the remainder of this work.
4.3 The Eddington luminosity
Previous works (e.g. Pounds et al. 1995; Wang et al. 1996; Grupe
2004; Grupe et al. 2010) have shown that on average NLS1 exhibit
higher Lbol/LEdd ratios than BLS1s. Studies with optical spectra of
Seyfert 1 galaxies suggest that Lbol/LEdd may be the driving
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Object znH [×1022 cm−2 ] kT [ keV] Γ SE HE Fe/Lx Lx [ erg s−1 ] Lx /LEdd C-stat/dof
NLS1
1H0323+342 < 0.0028 0.134±0.003 1.90±0.01 0.65±0.04 0.21±0.11 0.0032±0.001 6.58×1043 0.026 392/249
1H0707-495 0.18+0.68−0.09 0.093±0.005 1.75±0.09 8.2+5.5−3.3 4.8±3.5 < 0.016 1.40×1042 0.005 280/218
Ark 564 < 0.0006 0.135±0.001 2.542±0.008 0.59±0.01 0.75±0.02 0.0039±0.0011 1.94×1043 0.081 681/296
IRAS 05262+4432 < 0.048 0.14±0.01 2.08+0.04−0.06 0.66+0.29−0.08 2.0±1.8 < 0.00009 2.45×1042 0.001 240/208
IRAS 13224-3809 0.10±0.01 0.104±0.001 2.22±0.03 2.6±0.2 - < 0.0059 5.99×1042 0.007 391/210
MCG-6-30-15 0.320±0.002 0.0539±0.0004 1.880±0.002 0.78±0.05 0.12±0.02 0.0067±0.0004 4.37×1042 0.017 2290/368
Mrk 1040 0.451±0.004 0.048±0.002 1.926±0.004 0.33+0.25−0.14 0.45±0.04 0.0115±0.001 1.73×1043 0.003 665/251
Mrk 110 < 0.0030 0.14±0.01 1.79±0.01 0.17±0.02 0.223+0.004−0.07 0.0064±0.0015 4.66×1043 0.019 308/282
Mrk 335 < 0.00054 0.129±0.001 1.897±0.007 0.91±0.02 0.98±0.17 0.019±0.001 9.35×1042 0.004 1445/287
Mrk 359 < 0.0037 0.17+0.01−0.02 1.71
+0.03
−0.02 0.24±0.03 0.091+0.003−0.03 0.014±0.003 2.80×1042 0.013 270/236
Mrk 478 < 0.0084 0.139±0.007 2.21±0.04 0.59±0.06 1.0±0.9 < 0.000004 3.02×1043 0.012 242/210
Mrk 766 0.207±0.006 0.062+0.002−0.001 1.813±0.006 0.66+0.13−0.11 0.262+0.002−0.08 0.008±0.0014 3.92×1042 0.005 528/247
NGC 4051 < 0.00037 0.103±0.002 1.910±0.004 0.23±0.01 0.52±0.05 0.0141±0.0007 1.73×1041 0.001 1771/295
PG 1211+143 0.06±0.02 0.080±0.003 1.79±0.01 0.74+0.13−0.11 0.05899+0.34−0.06 0.0095+0.0028−0.0027 5.08×1043 0.010 346/237
PG 1404+226 0.10+0.06−0.07 0.093±0.006 1.39±0.08 4.6+1.8−1.2 12.4+2.5−2.4 < 0.00003 6.39×1042 0.011 252/182
PKS 0558-504 < 0.0029 0.130±0.003 2.21±0.01 0.43±0.02 0.42±0.18 < 0.0022 5.33×1044 0.066 299/256
RE J1034+396 < 0.0070 0.113±0.003 2.34±0.04 1.7±0.2 10.7±2.9 0.0089+0.0076−0.0071 3.24×1042 0.010 248/187
RX J0134.2-4258 0.08±0.02 0.07±0.02 2.36±0.02 0.28+3.12−0.22 3.6±2.9 < 0.0076 2.64×1044 0.100 187/171
RX J1633.3+4718 0.61±0.05 0.101±0.008 2.12±0.03 0.95+0.40−0.26 2.1±1.2 < 0.00002 3.58×1043 0.093 261/202
SWIFT J2127.4+5654 0.27±0.01 0.21±0.01 1.96±0.02 0.22±0.03 0.21±0.07 0.0069±0.0016 1.22×1043 0.006 310/273
TON S180 < 0.0030 0.135+0.003−0.004 2.31±0.02 0.48±0.02 1.5±0.5 0.0029±0.0021 3.75×1043 0.041 351/241
WKK 4438 < 0.0032 0.25±0.03 1.90±0.02 0.091+0.033−0.034 0.029+0.001−0.009 0.0077+0.0023−0.0022 5.34×1042 0.021 273/240
BLS1
1H0419-577 < 0.00068 0.147±0.003 1.831±0.007 0.35±0.01 0.28±0.05 0.0040±0.0007 3.40×1044 0.021 1012/299
3C 111 0.816±0.004 < 0.19 1.678±0.003 0.0024+0.006−0.0002 0.00226+0.00001−0.0007 0.0050±0.0005 1.97×1044 0.0004 645/303
3C 120 < 0.00053 0.168±0.006 1.817±0.005 0.147±0.007 0.13±0.02 0.0080±0.0005 9.27×1043 0.014 1008/274
3C 382 < 0.0017 0.091±0.004 1.808±0.004 0.16±0.03 0.0385+0.0002−0.01 0.0059±0.0007 2.61×1044 0.003 486/300
3C 390.3 < 0.0028 0.152±0.007 1.709±0.008 0.19±0.01 0.0370+0.0004−0.01 0.0071±0.0009 2.39×1044 0.004 371/249
3C 78 0.12+0.12−0.09 0.16±0.01 2.35±0.06 0.40±0.08 - < 0.0079 1.45×1042 0.0001 241/169
4C+74.26 0.05±0.01 0.05±0.01 1.811±0.007 0.11+2.28−0.09 0.28±0.04 0.0070±0.0008 6.05×1044 0.001 489/258
Ark 120 < 0.0014 0.134±0.004 1.977±0.009 0.37±0.02 0.38±0.07 0.013±0.001 5.62×1043 0.004 713/294
B3 0309+411 0.06±0.02 0.07±0.01 1.81+0.01−0.02 0.39+1.11−0.26 0.0201+0.0003−0.006 0.0056±0.0028 1.58×1044 - 202/200
CBS 126 < 0.011 0.066±0.004 1.99±0.01 0.53+0.27−0.17 0.74±0.42 0.0085±0.0031 4.87×1043 0.006 325/249
ESO 511-G030 < 0.0013 0.134±0.005 1.778±0.006 0.22±0.01 0.22±0.07 0.0106±0.0009 1.85×1043 0.002 574/258
ESO 548-G081 < 0.012 0.14±0.02 1.66±0.02 0.16+0.06−0.03 0.151+0.004−0.045 0.016±0.003 5.15×1042 0.001 257/252
Fairall 9 < 0.00047 0.150±0.003 1.909±0.006 0.270±0.008 0.42±0.04 0.0143±0.0007 9.60×1043 0.004 1389/283
IGR J16185-5928 < 0.0089 0.16+0.02−0.03 1.88±0.03 0.206+0.08−0.04 0.80±0.23 0.0093+0.0027−0.0026 1.72×1043 0.006 340/271
IGR J19378-0617 < 0.0016 0.135±0.003 2.20±0.01 0.44±0.02 0.125+0.002−0.04 0.0071±0.0017 4.06×1042 - 492/256
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Object znH [×1022 cm−2 ] kT [ keV] Γ SE HE Fe/Lx Lx [ erg s−1 ] Lx /LEdd C-stat/dof
III Zw 2 < 0.0063 0.18+0.05−0.13 1.58
+0.03
−0.02 0.07412
+0.81
−0.03 0.18±0.13 0.0070+0.0022−0.0021 1.49×1044 0.011 242/247
Kaz 102 < 0.016 0.24+0.06−0.05 1.53±0.03 0.18+0.13−0.08 0.295+0.009−0.09 0.0066+0.0068−0.0062 8.61×1043 0.007 205/202
LEDA 168563 < 0.024 0.12±0.02 1.63±0.01 0.19+0.18−0.07 0.0704+0.001−0.02 0.0091±0.0016 2.68×1043 0.002 308/244
MCG-02-14-009 < 0.0069 0.15±0.02 1.79±0.03 0.28+0.06−0.04 0.56+0.29−0.28 0.014±0.003 6.09×1042 0.004 358/268
MCG-2-58-22 < 0.00095 0.143±0.008 1.755+0.006−0.007 0.15±0.01 0.12±0.03 0.0064±0.0006 2.32×1044 0.006 689/281
MCG+04-22-042 < 0.0044 0.13±0.01 1.88±0.02 0.24+0.06−0.04 0.30+0.19−0.18 0.012±0.003 2.72×1043 0.001 290/248
MCG+8-11-11 0.014±0.003 0.056±0.008 1.699±0.004 0.06+0.15−0.04 0.0261+0.0001−0.008 0.0111±0.0008 4.94×1043 0.003 497/296
MR 2251-178 0.11±0.01 0.059±0.003 1.649±0.004 0.29+0.16−0.10 0.00282+0.00001−0.0008 0.0036±0.0007 3.22×1044 0.013 626/283
Mrk 1018 < 0.015 0.16±0.03 1.80±0.03 0.14+0.07−0.03 0.52±0.22 0.0088+0.0032−0.0031 3.39×1043 0.004 300/251
Mrk 1148 < 0.013 0.12±0.01 1.82±0.02 0.27+0.10−0.06 0.39±0.18 0.0065±0.0030 1.26×1044 - 251/216
Mrk 1320 < 0.043 < 0.15 1.50±0.06 < 0.02 - < 0.00053 2.82×1043 - 151/153
Mrk 205 < 0.0071 0.12±0.01 1.89±0.02 0.27+0.06−0.04 1.08+0.17−0.90 0.013±0.002 8.57×1043 0.003 397/258
Mrk 279 < 0.0039 0.19+0.02−0.03 1.55±0.03 0.16±0.03 0.68±0.18 0.032±0.003 8.56×1042 0.002 346/264
Mrk 352 < 0.0068 0.11+0.02−0.03 1.79
+0.02
−0.03 0.19
+0.18
−0.07 0.102
+0.003
−0.03 0.011±0.003 4.90×1042 0.004 282/249
Mrk 509 < 0.00019 0.152±0.005 1.875±0.006 0.187+0.007−0.006 0.34±0.03 0.0078±0.0006 1.06×1044 0.008 1980/279
Mrk 530 < 0.0022 0.179+0.009−0.01 1.91±0.01 0.19±0.02 0.27±0.09 0.011±0.001 3.26×1043 0.002 387/242
Mrk 79 0.12+0.03−0.02 0.067
+0.006
−0.005 1.596±0.008 0.24+0.18−0.09 0.0134+0.0001−0.004 0.019±0.002 1.35×1043 0.003 429/276
Mrk 841 < 0.00074 0.097±0.004 1.770±0.005 0.24+0.04−0.03 0.43±0.06 0.0145±0.0009 2.71×1043 0.003 1130/283
NGC 4593 < 0.0012 0.063±0.002 1.695±0.003 0.18+0.05−0.04 0.13±0.06 0.0214±0.0008 2.45×1042 0.002 628/278
NGC 6814 < 0.011 < 0.082 1.51±0.01 0.0351+0.0006−0.01 0.4245+0.007−0.13 0.012±0.003 5.40×1041 0.0002 250/226
NGC 7213 < 0.0065 0.119±0.009 1.733±0.007 0.095+0.019−0.014 0.0683+0.0005−0.02 0.012±0.001 1.42×1042 0.0001 456/286
NGC 7469 < 0.0017 0.095+0.007−0.006 1.760±0.008 0.18+0.06−0.04 0.27±0.07 0.019±0.002 9.89×1042 0.009 506/282
NGC 985 0.13±0.04 0.057+0.005−0.004 1.78±0.01 0.53+0.51−0.24 0.28±0.19 0.011±0.003 4.66×1043 - 251/248
PG 1322+659 < 0.074 0.08±0.04 1.95±0.05 0.29+9.7−0.24 - < 0.010 4.39×1043 0.002 195/161
PG 1626+554 < 0.10 0.15±0.02 2.05±0.04 0.27+0.07−0.05 - 0.011±0.004 1.27×1044 0.002 188/168
RBS 1124 < 0.093 0.12±0.02 1.9±0.02 0.25+0.15−0.07 0.53±0.17 0.0044+0.0027−0.0026 4.76×1044 0.021 369/267
SBS 1301+540 < 0.069 0.16±0.02 1.62+0.02−0.03 0.21+0.05−0.04 0.144+0.005−0.04 0.010±0.003 6.94×1042 0.002 281/193
SWIFT J0501.9-3239 < 0.0035 0.107+0.009−0.008 1.89±0.01 0.16+0.05−0.03 0.27±0.07 0.011±0.002 8.56×1042 - 371/271
SWIFT J0904.3+5538 0.18+0.12−0.10 0.07
+0.02
−0.01 1.66±0.03 0.27+1.30−0.19 0.39+0.01−0.12 0.017+0.008−0.007 1.13×1043 - 183/197
SWIFT J1310.9-5553 < 0.15 0.12+0.04−0.03 1.50±0.02 0.19+0.32−0.10 0.185+0.005−0.06 < 0.0028 1.22×1044 - 257/232
UGC 6728 < 0.0035 0.16±0.01 1.77±0.02 0.29±0.03 0.19±0.16 0.0091+0.0027−0.0026 1.06×1042 0.002 310/251
ZW 229-15 < 0.0042 0.16+0.01−0.02 1.74±0.03 0.25±0.03 - 0.013±0.003 5.66×1042 0.006 480/224
Table 3: Toy model parameters and associated errors. Object names are given in column (1). Host galaxy column densities (znH) are given in column (2) in units of 1022 cm−2 . The blackbody
temperature (kT) and photon index (Γ) are given in columns (3) and (4), respectively. Columns (5), (6), and (7) give the soft excess (SE), hard excess (HE) and iron line strength (Fe/Lx),
respectively. Error bars on the soft and hard excesses have been computed using error propagation of the blackbody, powerlaw and Compton hump luminosities. The 3 − 10 keV luminosities
are given in column (8), and the X-ray Eddington ratios (Lx /LEdd) are given in column (9). Column (10) gives the fit quality, in terms of the C-stat over the degrees of freedom (dof).
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Figure 2. Top panel: XIS source+background (black), XIS background
(red), and PIN (gray) spectra unfolded against a power law with Γ=0.
The background increases toward higher energies. Second panel: residu-
als (data/model) for the background model. No clear residuals are present.
Third panel: residuals for a power law model applied to the background
modelled spectrum, fit between 2 − 4 and 7 − 10 keV and extrapolated to
lower and higher energies. A strong soft excess below 2 keV, Fe Kα emis-
sion from 5 − 7 keV, and a hard excess peaking at 20 − 25 keV are visible.
Bottom panel: residuals for the toy model applied to the data. Some residu-
als are present on either side of the narrow Fe Kα line, but the spectrum is
otherwise well approximated. All spectra have been redshift corrected.
mechanism behind the so-called eigenvector 1, the primary axis of
variance between the two classes (Boroson & Green 1992). It is
therefore of great interest to properly characterise this value.
Many works suggest that the bolometric luminosity can be cal-
culated using the X-ray luminosity with a scaling factor ranging
from ∼ 5 to ∼ 100, depending on various host galaxy and AGN
properties (e.g. Lusso et al. 2010, 2012). There are also indications
that the ratio of Lbol/LEdd may be closely linked with the photon
index of the power law component, Γ (e.g. Shemmer et al. 2008;
Brightman et al. 2013).
To investigate this, we use two different methods to approx-
imate the Eddington ratio. The histograms for these distributions,
shown for the entire sample of NLS1 and BLS1 galaxies, is pre-
sented in Fig. 3. In the first we use the X-ray luminosity to ap-
proximate the bolometric luminosity, scaled by a factor of 10 (pur-
ple solid line). In the second, we use equation (2) of Brightman
et al. (2013), which gives the relationship between Γ and Lbol/LEdd
(black dashed lines). For some individual sources, there can be
large discrepancies, however the two methods give very similar dis-
tributions and median values, suggesting that Lx /LEdd is a reason-
able proxy for Lbol/LEdd. Throughout the remainder of this work,
we define this ratio of X-ray luminosity to Eddington luminosity,
Lx /LEdd, as the X-ray Eddington ratio. This is advantageous so that
we can continue to treat photon index and Lx /LEdd independently
and compare them in Section 5.
Figure 3. Comparison of methods for calculating the Eddington luminosity
ratio, shown for the entire sample. The purple solid line shows the Edding-
ton ratio estimated as 10 × Lx /LEdd, while the black dashed line shows the
calculation using the Γ–Lbol/LEdd relationship of Brightman et al. (2013).
The two distributions are in close agreement, supporting the use of Lx /LEdd
to approximate the Eddington luminosity ratio for further analysis.
Fig. 4 shows the distributions of Lx /LEdd for NLS1 and BLS1
galaxies, shown in log space for ease of interpretation. NLS1 galax-
ies are shown as blue solid lines and BLS1 galaxies are shown as
red dashed lines. The median values for each parameter are shown
as vertical lines in corresponding colours and line styles. We find
that NLS1 galaxies show higher median Lx /LEdd, with a median
value of log(Lx /LEdd) = -1.94 (corresponding to Lx /LEdd = 0.01)
for NLS1 galaxies compared to log(Lx /LEdd) = -2.49 (correspond-
ing to Lx /LEdd=0.003) for BLS1 galaxies.
To assess the similarity of the distributions, we compute the
Kolmogorov-Smirnov (KS) test on the two samples. This test com-
pares two samples to compute the statistical likelihood that they
are drawn from the same parent population. The KS test, imple-
mented in PYTHON using SCIPY.STATS.KS_2SAMP(), returns a KS
test statistic and a p-value. If the KS statistic is large (p-value is
small), we can reject the null hypothesis that the two samples are
drawn from the same distribution. For the ratio of Lx /LEdd, we
compute a p-value of 0.00038, implying that the samples are dif-
ferent at above the 99.9 per cent confidence level.
4.4 Parameter distributions
Upon obtaining all the relevant parameters from the model, it is
of interest to compare the distributions of each of these parame-
ters between the NLS1 and BLS1 galaxies to search for similarities
and differences between the two samples. All such distributions are
presented in Fig. 5. In each panel, the histogram for NLS1 galaxies
is shown as a blue solid line, and the BLS1 histogram is shown as a
red dashed line. The median values for each parameter are shown as
vertical lines in corresponding colours and line styles, and median
values are given in the label for each plot.
First, panel (a) presents the luminosity distributions of the two
samples, shown as log(Lx) in the 3 − 10 keV range. This band was
selected to avoid any effects of absorption or contributions from
the soft excess, which may have complicated a direct comparison
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Figure 4. Distribution of log(Lx /LEdd) for NLS1 and BLS1 galaxies, where
the NLS1 parameter values are shown in blue solid lines and BLS1 parame-
ter values are shown as red dashed lines. The median values for each param-
eter are shown as vertical lines in corresponding colours and line styles. As
expected, NLS1 galaxies show evidence for higher X-ray Eddington ratios
(KS test p-value 0.00038).
between sources. The distributions show that a suitable range of
luminosities are covered between the two samples. The NLS1 lu-
minosities have a lower median value (log(Lx)=43.03 compared
to log(Lx)=43.53 for BLS1 galaxies), likely owing to their lower
black hole masses. We have also performed the KS test on the red-
shift distributions, and the measured p-value of 0.8 shows that no
differences within the sample are attributable to redshift. The sym-
metry of the distributions suggests that the sample is largely un-
biased in luminosity and covers a sufficient scope of type-1 AGN.
From the KS test, we compute a p-value of 0.12, indicating that the
distributions are similar.
Panel (b) shows the distributions of host-galaxy absorption
(znH), again shown in log space. Many of these values are up-
per limits, as many galaxies showed little to no clear evidence for
absorption within the Suzaku bands. When only an upper limit is
present, the upper limit is shown in the histogram. We note also
that very low absorption values of 1018 − 1019 cm−2 are very diffi-
cult to constrain given the limited Suzaku bandpass at low energies,
and should thus be interpreted with caution. While the median level
for absorption appears slightly higher for NLS1 galaxies, the KS
test returns a p-value of 0.27, implying that the distributions are not
statistically different.
Many of these parameters include large errors, so we have at-
tempted to quantify the confidence range for the KS test results.
To do so, we take each parameter for each source and draw a per-
tubed value based on a normal distribution, centred on the param-
eter value and extending to the upper and lower error bars. This
process is repeated 10000 times, and the p-value calculated for
each perturbed sample. By taking the 5th and 95th percentile val-
ues, a range of p-values is obtained. For znH, we find a range of
0.16 − 0.37. This shows that even when considering errors, no sta-
tistical differences in the distributions can be found. The same pro-
cedure is used to report a confidence range for the p-values for each
of the remaining model parameters. This will be given along with
measured value based on the best-fit.
Panel (c) shows the distribution of photon index (Γ) values.
We note that some sources show very flat Γ values of 1.4 − 1.6;
these may potentially be artificially flattened due to the presence of
some underlying absorption or reflection component. The median
Γ value is significantly higher for NLS1 galaxies, with a p-value of
0.00040 (0.00037 − 0.013) implying > 99.9 per cent confidence.
More commonly, average values of the photon index are reported,
so to ease comparison with other works, we determine the average
values in our sample to be Γ = 1.78 ± 0.02 for the BLS1 galaxies
and Γ = 2.00 ± 0.06 for the NLS1 sample. These are reasonably
comparable to the canonical values of ∼1.9 and ∼2.1 (e.g. Nandra
& Pounds 1994; Vaughan et al. 1999; Reeves & Turner 2000) that
are often adopted. The difference could be attributed to systematic
differences between telescopes (e.g. Ishida et al. 2011; Kettula et al.
2013); but more importantly, our sample confirms the well-known
result that NLS1s possess steeper photon indices.
In panel (d), we present the distribution of blackbody tempera-
tures (kT), in units of keV. The distributions are statistically similar,
with a p-value of 0.19 (0.087 − 0.38). However, we find that many
AGN have kT values around ∼ 0.05 keV, compared to more typical
values of ∼ 0.10 − 0.15 keV (e.g. Mateos et al. 2010). To check if
this is an effect of the absorption component, panel (e) shows the
same histogram, but including only the sources with upper limits on
the absorption component (i.e., sources where the host-galaxy ab-
sorption agrees with 0). The median values are now nearly identical
for NLS1 and BLS1 galaxies (p-value 0.40; 0.21−0.65), and many
of the lowest kT sources have been removed, suggesting some de-
generacy between these components.
Panels (f), (g) and (h) present the distributions of the iron
line strength (Fe/Lx), soft excess strength (SE; shown in log val-
ues), and hard excess strength (HE; shown in log values), respec-
tively. For Fe/Lx , NLS1 galaxies exhibit lower median values than
BLS1 galaxies (p-value 0.028; 0.0048− 0.065). By contrast, NLS1
galaxies have stronger median soft excesses and hard excesses
than BLS1 galaxies. These differences appear significant in both
cases, with p-values of 8.0×10−6 (7.9×10−7–1.5×10−5) and 0.0098
(0.0018− 0.013) for the SE and HE distributions, respectively. The
soft excess histogram (panel g) is particularly striking, with the
median value for the NLS1 galaxies lying above the value of any
BLS1 galaxy. The BLS1 galaxy with a very weak soft excess is
3C 111, a source which shows a very high level of host-galaxy ab-
sorption (e.g. Ballo et al. 2011). Our analysis of this source gives
log(znH)=21.9, just below our sample cutoff of 22.0.
The KS test results and distributions show that NLS1 galaxies
have steeper photon indices and higher X-ray Eddington ratios with
confidence above the 99.9 per cent level, well known results from
previous studies (e.g. Pounds et al. 1995; Boller et al. 1996; Brandt
et al. 1997; Leighly 1999; Gierlin´ski & Done 2004; Grupe 2004;
Crummy et al. 2006; Ojha et al. 2020). The KS test also suggests
that NLS1 galaxies exhibit stronger soft excesses than their BLS1
counterparts. Even when considering the p-values based on param-
eter uncertianties, this difference is significant at the 99.99 per cent
confidence level and is the most statistically significant difference
between NLS1 and BLS1 galaxies in our sample. This has been ob-
served in various works, although all using slightly differing defi-
nitions of the soft excess strength (e.g. Boller et al. 1996; Vaughan
et al. 1999; Grupe et al. 2010; Gliozzi & Williams 2020). We also
find that the hard excess is stronger in NLS1 galaxies, at the > 99
per cent level. There is also some evidence that the iron strength
is weaker in NLS1 galaxies, at the 95 per cent confidence level.
This suggests that the differences in the X-ray spectra in NLS1 and
BLS1 galaxies go far beyond their power law slopes.
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Figure 5. Histograms showing parameter distributions, where the NLS1 parameter values are shown in blue solid lines and BLS1 parameter values are shown
as red dashed lines. The median values for each parameter are shown as vertical lines in corresponding colours and line styles, and median values are given in
the label for each plot. Panel (a) shows the X-ray luminosity, Lx (3−10 keV) in log space (KS test p-value 0.12); (b) shows host-galaxy absorption in log values
(p-value 0.27); (c) shows photon index, Γ (p-value 0.00040). Panel (d) shows black body temperature, kT (p-value 0.19). To show the influence of absorption
on the temperature panel (e) shows the kT distribution only for sources that the absorption (znH) is an upper-limit consistent with zero. Many of the low kT
objects are missing from this comparison, but the medians are very similar between samples (p-value 0.40). Panel (f) shows iron line strength, Fe/Lx (p-value
0.028); (g) shows soft excess strength on a log-scale, log(SE) (p-value 8.0×10−6); and (h) shows the hard excess on a log-scale, log(HE) (p-value 0.0098).
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5 SAMPLE ANALYSIS
5.1 Correlation analysis
The next step of our analysis is to search for correlations between
the various parameters. We present this analysis in the form of
a correlogram, constructed using the function CORRPLOT imple-
mented in R. This technique fits each pair of parameters and reports
the Pearson correlation coefficient, r , obtained from the linear fit.
Values of the correlation coefficient of larger than 0.5 indicate a
significant positive correlation, while values less than -0.5 indicate
a significant anti-correlation.
The result of the correlation analysis for the entire Seyfert
sample is shown in Fig. 6. The colour bar at the bottom shows the
Pearson correlation coefficient, r , for each pair of parameters; yel-
low ellipses indicate anti-correlations, while purple indicates posi-
tive correlations. Higher ellipticity represents a tighter correlation.
To help show which correlations are significant, the r value is also
printed on each ellipse.
We use eleven parameters in the analysis; the eight parame-
ters discussed in the previous Section (namely znH, kT, Index (Γ),
SE, HE, Fe/Lx , L and Lx /LEdd), as well as the blackbody lumi-
nosity in the 0.6 − 1.5 keV band (BB), the Compton hump lumi-
nosity in the 15 − 25 keV band (CH), and the iron line luminosity
(Fe). The analysis reveals nine significant correlations including
three with the X-ray Eddington ratio Lx /LEdd (BB, CH, and Index);
three with Lx (BB, CH, and Fe); two others with CH (Fe and BB);
and between SE and HE. Most of these correlations are associated
with variations in luminosity of some component within the sam-
ple, thus it may be expected. For example, brighter AGN typically
have higher blackbody, Compton hump, and iron line luminosities.
Although not significant, there are also weak anti-correlations be-
tween the iron line strength and L, as well as the iron line strength
and Lx /LEdd, in agreement with the X-ray Baldwin effect; an anti-
correlation between the equivalent width of the Fe Kα line and the
luminosity of the AGN (e.g. Iwasawa & Taniguchi 1993).
The correlation between Γ and the Eddington ratio is well
known and has been studied in many works (e.g. Shemmer et al.
2008; Brightman et al. 2013; Ojha et al. 2020). This relationship
can be explained by considering a link between the Eddington
ratio and the X-ray emitting corona. For systems accreting at a
higher fraction of their Eddington limit, more emission from the
disc will be incident upon the corona, resulting in more Compton
up-scattering that causes the corona to cool more quickly. These
cooler coronae then produce steeper photon indices (Pounds et al.
1995).
The tight correlation between the soft and hard excess compo-
nents, SE and HE (defined as the ratio of blackbody and Compton
hump luminosities, respectively, to the power law luminosity) is
less well studied empirically. A hint at such a correlation was con-
sidered in Vasudevan et al. (2014), but using different definitions
for the soft and hard excess strengths and non-simultaneous obser-
vations of the soft and hard energy bands. This result is therefore
worthy of further consideration.
To search for differences between NLS1 and BLS1 galaxies,
we perform the same analysis separately on the NLS1 and BLS1
samples. The results are shown in Fig. 7. The correlations for NLS1
galaxies are shown in blue, and those for BLS1 galaxies are shown
in red. The colour bars below each image show the range of r values
for different colours, and the r value for each correlation is printed
over the corresponding ellipse.
A comparison between the separate correlograms in Fig. 7
with the correlogram for the entire sample in Fig. 6, shows that
Figure 6. Correlation plots for the complete NLS1 and BLS1 sample. Yel-
low ellipses indicate anti-correlations, while purple indicates positive cor-
relations. The Pearson correlation coefficient (r) values are written on the
ellipses in black. We use eleven parameters in the analysis: host-galaxy
column density (znH), blackbody temperature (kT), photon index (Index),
blackbody luminosity in the 0.6 − 1.5 keV band (BB), Compton hump lu-
minosity in the 15 − 25 keV band (CH), iron line luminosity (Fe), soft ex-
cess strength (SE), hard excess strength (HE), iron line strength (Fe.L),
3−10 keV luminosity (L), and X-ray Eddington ratio (L.Ledd). The analysis
reveals nine significant positive correlations (r > 0.5).
some trends are stronger in the individual samples than in the total
sample. Specifically, the relation between iron line (Fe) and black-
body (BB) luminosities is rather significant in the individual sam-
ples (r ≈ 0.72) and only moderately important in the full sample
analysis (r = 0.42). Likewise, Lx and Lx /LEdd are significantly
correlated in the individual samples (r ≈ 0.54), but only mildly
correlated in the full analysis (r = 0.27). The straightforward ex-
planation is that both the NLS1 and BLS1 samples exhibit a sim-
ilar trend, but are slightly offset as their average luminosities are
marginally different (Fig. 5). When combining the two samples the
slight differences degrade the overall correlation.
There are also four correlations which are significant in one
sample, but not the other. These are highlighted in the correlograms
(Fig. 7), and shown in Fig. 8, where NLS1 galaxies are shown as
blue circles and BLS1 galaxies are shown as red squares. Upper
limits are indicated with arrows. First, in the top left panel (a),
BLS1 galaxies show a significant positive correlation between the
soft excess strength and photon index (SE and Index). The soft ex-
cess is shown on a log axis to show the large range of values.
For NLS1 galaxies, there is an anti-correlation between these
parameters, although it is of lower significance with an r value
of -0.33. Examining the NLS1 points in panel (a) shows that this
anti-correlation for NLS1 galaxies is driven by two sources with
strong soft excesses and very flat Γ. These objects are 1H0707-495
and PG 1404+226. Both sources have poor data quality and ex-
tremely strong soft excesses. In particular, 1H0707-495 shows ex-
treme spectral complexity in observations with XMM-Newton (e.g.
Boller et al. 2002; Gallo et al. 2004; Fabian et al. 2012), likely
indicating the presence of additional absorption or reflection. It is
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Figure 7. Correlation analysis performed separately for NLS1 (left: blue) and BLS1 (right: red) galaxies. The colour bars at the bottom of each image show
the corresponding r values, and these are printed on each ellipse. Column and row names are the same as in Fig. 6. Two correlations, L with Lx /LEdd and Fe
with BB, are significant for the individual classes, but not for the full sample. Four correlations are significant in one sample, but not the other; these cells are
outlines in black. BLS1 galaxies show a significant positive correlation between the soft excess strength and photon index (SE and Γ), while this correlation
is weakly anti-correlated for NLS1 galaxies. The photon index Γ and the iron line luminosity (Fe) are both significantly positively correlated with the X-ray
Eddington ratio (Lx /LEdd) for NLS1 galaxies, but not for BLS1 galaxies. Finally, the soft excess and hard excess (SE and HE) are significantly positively
correlated for NLS1 galaxies, but not for BLS1 galaxies.
therefore possible that these measured Γ values are not representa-
tive of the true underlying continuum. Removing these two outliers
diminishes the negative trend but does not result in a significant
correlation for the NLS1 sample. To preserve the size and scope of
the sample, these objects are kept in the sample for the remainder
of this work.
The other three panels show correlations which are significant
for NLS1 galaxies, but not for the BLS1 sample. Panel (b) shows
the relationship between Γ and Lx /LEdd, where the X-ray Edding-
ton ratio is shown on a log axis for clarity. NLS1 galaxies show a
clear positive correlation, while the BLS1 galaxies do not show a
significant trend. This is again likely affected by outliers, as both
3C 78 and PG 1626+554 have very low X-ray Eddington ratios but
very steep photon indices. These spectra both have poor data qual-
ity, and 3C 78 also shows evidence for significant absorption, which
may lead to poor measuring of these parameters. A positive cor-
relation is more apparent, in agreement with previous works (e.g.
Shemmer et al. 2008; Brightman et al. 2013; Ojha et al. 2020), if
these sources were removed.
Panel (c) shows the relationship between the iron line lumi-
nosity and Lx /LEdd. Both values are shown on log scales for clarity.
There appears to be more scatter in the distribution for BLS1 galax-
ies, which explains the slightly lower correlation coefficient for
BLS1 galaxies (r = 0.33) compared to NLS1 galaxies (r = 0.60).
The correlations appear rather similar in slope, but there is a clear
shift in the measured luminosity of the narrow iron line with BLS1
galaxies exhibiting more luminous lines than NLS1 galaxies at a
given Lx /LEdd. This also explains the insignificant correlation that
was found between these parameters in the full sample (Fig. 6).
Panel (d) shows the relationships between the soft excess (SE)
and hard excess (HE) strengths over the power law. The AGN that
do not have PIN data have not been included, as no hard excess
could be measured. Both values are shown on log scales to bet-
ter show the range of values, which span several orders of magni-
tude. For NLS1 galaxies, a very clear positive trend between these
two values is observed. NLS1 galaxies with stronger soft excesses
also show stronger hard excesses. The trend observed in the full
sample seems therefore to be driven by the NLS1 sample. Neither
the soft excess nor hard excess is highly correlated with Lx , which
suggests that this relationship cannot be attributed to variations in
luminosity. The correlation between these two parameters may in-
stead point to a common origin between the soft excess and hard
excess for NLS1 galaxies.
This correlation between SE and HE is not observed for BLS1
galaxies, with a low correlation coefficient of r = 0.20. As in the
histograms presented in Fig. 5, we observe that 3C 111 is an outlier,
with extremely weak soft excess (likely due to large amounts of ab-
sorption) and only an upper limit placed on the hard excess. Aside
from this source, the distribution of soft excesses is very narrow
despite a wide range of hard excesses, spanning a factor of ∼ 10 in
BLS1s compared to a factor of ∼ 100 in NLS1s. Further discussion
is given in Section 6.
Finally, it is of interest to note that, although not highly sig-
nificant in our sample, we do observe anti-correlations between the
iron line strength (Fe/Lx) and the X-ray luminosity (Lx), as well
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Figure 8. Correlations for NLS1 (blue circles) and BLS1 (red squares) galaxies which are only significant for one sample. Upper limits on measurements
are indicated with arrows. Panel (a) shows the distribution of Γ with soft excess strength. The two extreme outliers for NLS1 galaxies are 1H0707-495 and
PG 1404+226, two AGN whose extreme spectral curvature and poor data quality may contribute to poor measurement of these values. Panel (b) shows the
correlation between Γ and Lx /LEdd. A strong positive correlation is apparent for NLS1 galaxies, while outliers skew the distribution for BLS1 galaxies. Panel
(c) shows the correlation between iron line luminosity and Lx /LEdd, with both axes shown in log scale for clarity. The correlation is strong for NLS1 galaxies,
but weaker for BLS1 galaxies. Panel (d) shows the relationship between the soft excess and hard excess strengths, both shown in log scale. The correlation is
strong for NLS1 galaxies, while BLS1 galaxies do not show any apparent correlation.
as the X-ray Eddington ratio (Lx /LEdd) in both samples. In par-
ticular, for BLS1 galaxies, the r value for the correlation between
Fe/Lx and Lx is -0.47, very close to our definition of significant.
This suggests that the X-ray Baldwin effect is an important feature
in our sample, especially for BLS1 galaxies.
5.2 Principal Component Analysis
To better understand the variations between objects in our sam-
ple, we employ principal component analysis (PCA). This tech-
nique uses eigenvalue decomposition to find the components that
contribute to the maximum variations in a data set. We use the
package PRCOMP in R to perform this analysis. As the correla-
tion plots revealed many tight correlations between the luminosity
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(1) (2) (3) (4) (5)
Parameter Name PC1 PC2 PC3
kT kT 0.0187 0.0401 0.4214
Gamma (Γ) Index 0.2058 0.0217 0.1970
Soft excess (SE) SE 0.0625 0.3913 0.0026
Hard excess (HE) HE 0.1270 0.3062 0.0003
Fe/Lx Fe.L 0.2194 0.0507 0.0027
Lx L 0.0623 0.1485 0.3605
Lx /LEdd L.Ledd 0.3043 0.0416 0.0154
Table 4. Fractional contributions of each parameter to the first three prin-
cipal components. Column (1) gives the parameter name, column (2) gives
the name as displayed in panel (b) of Fig. 9, column (3) gives the fractional
contribution to PC1, column (4) gives the contribution to PC2, and col-
umn (3) gives the contribution to PC3. Fractional contributions larger than
∼ 0.15 are considered important and are shown in bold.
of the AGN in different energy bands (as expected), we remove
the blackbody, Compton hump and iron line luminosities, leaving
only the 3−10 keV luminosity (Lx). We also remove the absorption
parameter, znH. This leaves seven parameters for the analysis: kT,
Γ, SE, HE, Fe/Lx , Lx and Lx /LEdd, and thus our data has seven
principal components.
First, we compute the variance for each principal compo-
nent. The result is shown in panel (a) of Fig. 9. For PCA, compo-
nents with variances larger than 1 (shown with a solid black line)
should be considered significant. Principal component 1 (PC1) and
2 (PC2) clearly meet this criteria. PC3 hovers just above the line
(∼ 1.08) and is likely not a significant component.
The resulting PCA is shown in panel (b) of Fig. 9. PC1 ac-
counts for 28.5 per cent of the total variability, while PC2, accounts
for 23.8 per cent. NLS1 galaxies are shown as blue points, and
BLS1 galaxies are shown as red points. Ellipses mark the param-
eter space occupied by each distribution. It is apparent that NLS1
galaxies are scattered in the parameter space and several occupy ex-
tremes of the parameter space. BLS1 galaxies are more consistent.
Of interest is the tight anti-correlation between PC1 and PC2 that
exists for BLS1 galaxies, but not for NLS1 galaxies. This behaviour
may be highlighting intrinsic differences between NLS1 and BLS1
AGN.
The contributions of each measured parameter to each prin-
cipal component are shown with dark red arrows. Longer arrows
indicate higher contributions to the principal component. To assess
the importance of these contributions to each PC, we compute the
fractional contribution of each parameter to each of the first three
principal components. The results are summarised in Table 4. Pa-
rameters that contribute more than the average fractional contribu-
tion (1/7 ' 0.15) are considered important contributors to the PC.
These values are shown in bold in the table.
Table 4 and panel (b) of Fig. 9 show that PC1 is mostly com-
prised of contributions from Lx /LEdd, along with weaker contri-
butions from Γ and the iron line strength, Fe/Lx . As we saw in
the correlation analysis, and as discussed in previous works, both
Γ and the iron line emission are highly linked to the Eddington
ratio. Shemmer et al. (2008) and Brightman et al. (2013), among
others, show a strong positive correlation between the Eddington
ratio and Γ, which is also seen in this work (see Fig. 6). The X-
ray Baldwin effect is also known to produce an anti-correlation be-
tween the accretion rate and the equivalent width of the Fe Kα line
(e.g. Bianchi et al. 2007), which is seen also in our sample. In the
PCA, the correlation between Lx /LEdd and Γ is indicated as both
components contribution to PC1 in a correlated manner, while the
anti-correlation between iron line strength and Lx /LEdd is shown
through the two components having opposite contributions to PC1
(Lx /LEdd and Fe/Lx point in opposite directions in panel (b) of
Fig. 9). It is therefore likely that PC1 is primarily due to variations
in Lx /LEdd within the sample.
Examining PC2, we see significant contributions from two
components: the soft and hard excess strengths, SE and HE. These
both contribute in the same way to PC2, as both arrows point in the
same direction in Fig.9. This is of interest, as the KS test analysis
presented in Section 4.4 indicated that the distributions of soft ex-
cess and hard excess strengths between NLS1 and BLS1 galaxies
were different at the > 99.99 per cent and > 99 per cent levels, re-
spectively, with NLS1 galaxies showing stronger soft and hard ex-
cesses. The correlation analysis also showed that these two param-
eters are significantly correlated, and that this correlation is driven
by the NLS1 sample (where r = 0.55), while BLS1 galaxies show
little evidence for correlation between these parameters (r = 0.2).
Although PC3 is likely not an important contributor to the ob-
served variance, we show the fractional contributions of each pa-
rameter to this component in Table 4. PC3 is mostly contributions
from kT and Lx , with a weak contribution from Γ. Notably, kT and
Lx are the two components which were not important in PC1 or
PC2. For this reason, and given that PC3 has a low variance, we do
not consider this component in further discussion.
As an additional check, we also compute the PCA separately
for the NLS1 and BLS1 samples. For the NLS1 sample, only the
first two principal components are significant. PC1 is dominated by
contributions from the X-ray Eddington ratio, with weaker contri-
butions from Lx and Γ, while PC2 is dominated by the soft and hard
excess strengths. This is largely in agreement with what we observe
in the the PCA analysis for the full sample, and matches what we
observe in the correlation analysis. For the BLS1 sample, PC1 has
significant contributions from Lx /LEdd, Lx , and Fe/Lx . This is sen-
sible, as all these parameters are highly correlated. However, for
PC2, we see strong contributions from the soft excess strength and
Γ, while there is no significant contribution from the hard excess.
This again suggests that the relationship between the soft and hard
excess, as well as the overall sample variance, are not the same be-
tween the NLS1 and BLS1 samples. These findings will come into
play as we examine the markedly different behaviour of NLS1 and
BLS1 galaxies seen in panel (b) of Fig. 9 in Section 6.
6 DISCUSSION
6.1 The Suzaku sample
Our analysis of a sample of 22 NLS1 and 47 BLS1 galaxies reveals
many interesting results. A key advantage of Suzaku is that it pro-
vides a simultaneous view of the soft excess, Fe Kα line, and hard
excess, which is advantageous when searching for correlations be-
tween these parameters. It is important to note that Suzaku is not a
survey mission and therefore, the sample is not complete in terms
of flux or volume. However, the NLS1 and BLS1 samples cover
a similar range of X-ray luminosities and redshifts, which allows
comparisons to be made between the X-ray properties of the two
samples. The main results of this analysis are:
(i) In agreement with previous works, the sample shows that
NLS1 galaxies have steeper photon indices (Γ), higher X-ray
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(a) (b)
Figure 9. Left: The variance produced by each principal component. A component is considered significant if its variance is greater than 1. PC1 and PC2 are
clearly important. The variance in PC3 is only marginally greater than 1. Right: PC2 is plotted as a function of PC1 and the distribution of NLS1s (blue) and
BLS1s (red) is shown. The samples overlap, but do appear different. PC2 is largely dominated by the NLS1s. For BLS1s, PC2 appears to be anti-correlated
with PC1, but no such correlation is apparent for NLS1s. PC2 is largely composed of contribution for the soft excess (SE) and hard excess (HE) strengths,
while significant contributions to PC1 are from the X-ray Eddington ratio (Lx /LEdd), photon index, and Fe/Lx (see Table 4).
Eddington ratios (Lx /LEdd) and stronger soft excesses (SE)
than BLS1 galaxies.
(ii) The luminosity of the narrow Fe Kα core is lower on average
in NLS1 galaxies. When we divide by the line luminosity by
the continuum luminosity (i.e. a proxy for equivalent width)
for each AGN (Fe/Lx), this ratio is also weaker for NLS1s.
(iii) There is a significant correlation between Lx /LEdd and Γ,
and a weaker anti-correlation between Lx /LEdd and Fe/Lx (a
result of the X-ray Baldwin effect). In the PCA, these three
components make up PC1, with the strongest contribution
from the X-ray Eddington ratio.
(iv) NLS1 galaxies, on average, have stronger hard excesses than
BLS1 galaxies. For NLS1 galaxies, we also find a significant
correlation between the soft and hard excesses, which is not
found in the BLS1 galaxies.
(v) When performing the PCA on the full sample, this SE and
HE correlation appears as PC2. When the PCA is repeated for
the individual samples, the NLS1s still show the soft and hard
excess as PC2. However, for the BLS1s, PC2 shows contribu-
tions from the Γ and the soft excess.
(vi) The PCA shows large overlap between the NLS1 and BLS1
parameter space. However, the behaviours of the two samples
are distinct. BLS1 galaxies appear to show an anti-correlation
between PC1 and PC2. NLS1 galaxies are more spread out,
occupying extreme regions of parameter space.
These results and possible physical interpretations are dis-
cussed in more detail in the following sections.
6.2 Iron line properties
When considering the properties of the narrow Fe Kα core in our
sample, we find some evidence that on average BLS1 galaxies have
higher luminosity iron lines than NLS1 galaxies. This is also the
case when considering the ratio of iron line luminosity to X-ray
luminosity (Fe/Lx ; i.e. a proxy for equivalent width), implying that
NLS1 iron lines are also weaker relative to the continuum.
The narrow Fe Kα emission likely originates in distant mate-
rial like the torus or broad line region (e.g. Nandra et al. 2007). The
stronger iron lines in BLS1 galaxies could result from increased
contributions from the torus. This could result in high-levels of ab-
sorption in the spectra of BLS1s, which is not evident. Using ztbabs
as a proxy for overall galaxy absorption, there appears to be little
difference in the levels of intrinsic absorption in NLS1s and BLS1s
(see panel (b) of Fig. 5).
Previous works show differing interpretations on analyses of
absorption in NLS1 galaxies: for example, Boller et al. (1996),
find little evidence for large column densities in NLS1 galaxies
observed with ROSAT. However, some previous interpretations of
the properties of NLS1 galaxies (e.g. Mathur 2000; Williams et al.
2002; Middleton et al. 2007), invoke increased levels of absorption
to help explain observed UV and X-ray properties. More consid-
eration to potential explanations of the iron line properties will be
given in a future work.
6.3 The soft and hard excesses in Seyfert 1 AGN
Previous works have shown that NLS1 galaxies have steeper and
stronger soft excesses than BLS1s (e.g. Boller et al. 1996; Leighly
1999; Vaughan et al. 1999; Gliozzi & Williams 2020; Ojha et al.
2020), while less is known about the hard excess given the difficulty
MNRAS 000, 1–22 (2020)
X-ray spectral properties of Suzaku Seyfert 1s 19
in detecting high energy emission. In our sample, NLS1 galax-
ies have stronger soft and hard excesses (SE and HE) than BLS1
galaxies (see Fig. 5). The re-sampled KS test p-values demonstrate
that this distinction can be made even when considering the errors
on the parameters. The relationship between these parameters is
shown in panel (d) of Fig. 8, where the NLS1s are shown in blue
and BLS1s are shown in red. NLS1 galaxies show a significant cor-
relation between SE and HE, which is not seen in the BLS1 sample.
The positive correlation seen in the full sample (Fig. 6) is therefore
driven mainly by the NLS1s.
The positive correlation between SE and HE in the NLS1
sample may point to a common origin between these two compo-
nents. In particular, this correlation can be understood and is even
predicted from the blurred reflection model (e.g. Ross & Fabian
2005; Vasudevan et al. 2014). In this scenario, photons are emitted
isotropically from the corona. While some are observed directly
(forming the power law component), others are first reflected off
of the innermost accretion disc (e.g. Ross & Fabian 2005). This
produces a multitude of fluorescent emission lines at low energies,
which are relativistically blurred to form the soft excess. Higher
energy photons penetrate further into the disc, where the material
becomes more optically thick. These photons then undergo Comp-
ton scattering, forming the Compton hump peaking around 20 keV.
The ratio of reflected emission to continuum emission is then de-
fined as the reflection fraction, R, which depends primarily upon
the geometry of the corona. It is tempting to suggest that the distri-
bution of NLS1 galaxies may be explained by different reflection
fractions for each source.
By contrast, the lack of correlation between the soft and hard
excesses in the BLS1 galaxies may indicate that the origin of the
soft and hard excesses in BLS1s may not necessarily require sig-
nificant blurred reflection. Boissay et al. (2016) argue that the posi-
tive correlation between SE and Γ observed in a BAT sample study,
and that is also seen in the BLS1s in this work, cannot be explained
with a blurred reflection model. Separate mechanisms may instead
be responsible for the production of the soft and hard excesses (e.g.
partial covering or soft Comptonisation producing the soft excess,
and reflection from neutral material which produces the Compton
hump). The narrow range of observed soft excesses in the BLS1
sample is also of interest and worthy of further exploration.
Correlations between these parameters have been studied in
previous works. Vasudevan et al. (2014) present a similar posi-
tive correlation using data from XMM-Newton and the BAT 58
month catalogue. This work uses a ratio of blackbody emission
from 0.4 − 3 keV and power law emission from 1.5 − 6 keV to de-
fine the soft excess, and the reflection fraction R from the PEXRAV
(Magdziarz & Zdziarski 1995) to define the strength of the Comp-
ton hump, differing slightly from our analysis. This work also cau-
tions that non-simultaneous observations of the soft and hard en-
ergy bands are used, which may affect model parameters. Boissay
et al. (2016) use a sample of type 1 AGN observed with XMM-
Newton and Swift BAT and instead find an anti-correlation between
the soft excess strength and the reflection fraction. This trend is also
found when considering a sample of only 10 NLS1 galaxies. How-
ever, this work again uses different definitions for the soft excess
and R, complicating a direct comparison of results.
Vasudevan et al. (2014) and Boissay et al. (2016) also present
theoretical relationships between the hard excess (R) and soft ex-
cess based on blurred reflection simulations. In both works, these
simulations show a positive correlation between the soft excess and
R, akin to the one seen in our NLS1 sample. In particular, Vasude-
van et al. (2014) show that blurred reflection simulations can result
in extremely strong soft excesses like the ones observed in some
NLS1s in our sample. This lends further evidence that the soft and
hard excesses in NLS1s may be produced through blurred reflec-
tion. By contrast, Vasudevan et al. (2014) perform ionised absorp-
tion simulations and find no evidence for a correlation between the
soft excess and R, similar to what we observe in our BLS1 sample.
It is therefore plausible to suggest that ionised partial covering (e.g.
Tanaka et al. 2004; Chevallier et al. 2006; Iso et al. 2016), or warm
Comptonisation (e.g. Petrucci et al. 2018; Ballantyne 2020), may
be responsible for shaping some of the soft excesses observed in
BLS1s.
The results of the PCA further support the distinct origins
for the soft and hard excesses in the two samples. First, we note
that the PCA performed on the full sample and on the NLS1s and
BLS1s consistently reveals the X-ray Eddington ratio, Lx /LEdd,
as the main contributor to PC1. However, the contributors to PC2
change depending on which sample is used. For the full sample,
PC2 is dominated by changes in the soft and hard excesses. The SE
and HE also form PC2 for the NLS1 sample, suggesting that these
galaxies drive PC2 for the full sample. When only the BLS1 galax-
ies are used, PC2 instead becomes dominated by a combination of
the soft excess and Γ. The PC2 results therefore appear to match
the correlation analysis, and may demand a different origin for the
soft excess in the two samples.
Another feature highlighting the differences between the two
samples is the distribution of BLS1 galaxies in panel (b) of Fig. 9.
The BLS1 galaxies show a strong anti-correlation between PC1
and PC2, while no such correlation is seen in the NLS1 sample.
This may be explained as a mathematical artefact of the PCA due
to the large variance within the NLS1 sample. Such mathematical
artefacts have been previously observed in PCA analysis; Gallant
et al. (2018) show that for spectral PCAs performed on a sample
of blazars, PC3 sometimes appears as a distinctive bowed feature.
Based on simulation work, this PC shape does not appear to rep-
resent a physical process, but rather a mathematical artefact result-
ing from the first two PCs. The anti-correlation observed here may
have a similar origin. When the PCA is performed separately on
the NLS1 and BLS1 samples, no such anti-correlation exists.
If this is indeed the case, this artefact may appear due to
the much larger variance within the NLS1 sample. Several NLS1
sources have extreme soft excesses (1H0707-495, PG1404+226,
RE J1034+396), and others are radio loud and have high X-
ray Eddington ratios (PKS 0558-504, RX J0134.2-4258, RX
J1633.3+4718). These sources all appear as outliers in panel (b)
of Fig. 9. This again highlights the extreme behaviour of the NLS1
sample and further suggests intrinsic spectral differences between
the two samples, and in particular, in the measured soft and hard
excesses.
7 CONCLUSIONS
In this work, we present a sample of Seyfert 1 galaxies observed
with Suzaku. We select all NLS1 and BLS1 galaxies with redshifts
< 0.5 and low host-galaxy column densities (< 1022 cm−2 ) ob-
served with Suzaku. This results in a sample of 69 AGN, of which
22 are NLS1s and 47 are BLS1s. These selection criteria allow
for proper characterisation of the soft excess, often observed be-
low ∼ 2 keV. The sample covers a similar range of redshifts and
X-ray luminosities for both classes and is thus ideal for probing
differences between the X-ray emission in NLS1 and BLS1 galax-
ies.
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In this work, we have focussed on measuring and compar-
ing the broad band X-ray spectral properties of NLS1 and BLS1
galaxies using a toy model, which confirmed many previous results
as well as presenting new findings on the soft and hard excesses.
The acquired sample is suitable for the analysis of many additional
properties of type-1 AGN, including further spectral and variability
analysis.
This work has shown that the soft excess, and the relationship
between the soft and hard excesses, are important characteristics
in distinguishing the X-ray properties of Seyfert 1 galaxies. The
work highlights the importance of simultaneous broadband X-ray
spectroscopy to uncover the nature of the soft and hard excess in
Seyfert 1 galaxies.
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APPENDIX A: FULL SAMPLE SPECTRA
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Figure A1. Modelling procedures shown for each AGN in the sample. NLS1 sources are shown in blue, and BLS1s are shown in red The top panel shows the
source+background XIS and PIN data (blue/red) and background (black) unfolded against a power law with Γ = 0. Object names are given in the bottom right
corner. The second panel shows the residuals (data/model) for the background spectrum. The third panel shows the residuals for a power law fit from 2− 4 and
7 − 10 keV, extrapolated to the full energy range. The last panel shows the residuals for the broad band model. PIN data have been rebinned for clarity.
This paper has been typeset from a TEX/LATEX file prepared by the author.
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